DESCRI PTI ON LI GHT-EM TTI NG UNI T AND DEVI CE HAVI NG A PLURALITY OF
LIGHT-EM TTI NG UNI TS Technical Field [0001] The present invention rel ates
to a light generating unit. Background Art [0002] Japanese Lai d- Open
Pat ent Publication No. 2004-264383 discloses the provision of a display
apparatus capabl e of reproducing beautiful imges with uniformty and
clarity using bubbles. The display apparatus disclosed in this publication
has a plurality of elongated coDESGRIBII@INposed side by side with their

| engths directed vertically, the elongated containers contain water, and an
air feed e corresponding_to each aj o) air
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swi tched on and of f under LIGHIeEMITTOING UWNATIS| | er for feeding and
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capable_of maintaining the flowrate of the air to be fed at a
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order |po@bg]d|rect|on of feed and an air stone being provided at the end

thereof. Mcro tb& e il fandtatiipeint i al Iy the
outer circunfer ew ggg'??{f{@%e and E?nggesél%re di splayed using the
bubbl es. Di scl osure of the I nvention [0003] There is demand for an
appar at Backgpabhéd Axft reproduci ng nore beautiful and/or nore colorful inmages
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the bottom of the elongated container includes: a solenoid valve
switched on and off under the control of a controller for feeding and
stopping the feeding of air supplied from an air pump; a flow
controller capable of maintaining the flow rate of the air to be fed at a
predetermined value; and a check valve, such elements being
disposed in order in the direction of feed and an air stone being
provided at the end thereof. Microbubbles are generated from a filter
at substantially the outer circumference of the air stone and images

are displayed using the bubbles.

Disclosure of the Invention
[0003]

There is demand for an apparatus capable of reproducing more
beautiful and/or more colorful images using bubbles.
[0004]

One aspect of the present invention is a light generating unit
including: a transparent vessel that is elongated and contains a
liquid; and a light-emitting/bubble producing unit (light-emitting and
bubble producing unit) attached to a base portion of the vessel. The
light-emitting/bubble producing unit includes a plurality of light-
emitting elements disposed around inner surfaces of side walls of the
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em tting/ bubble producing unit. It is also possible to guide the light from
the plurality of light-emtting el ements along the elongated vessel using
reflection at the side walls of the vessel. [0005] In addition, it is
possible to scatter the light of a single color or nultiple colors guided

al ong the vessel using bubbles of gas discharged fromthe plurality of
nozzles. Accordingly, in this |ight generating unit, it is possible to
produceyasyer igiy af cljrwityy@fandzzmsr deendizdhargingi ag gesakas aret he
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In addition, it is possible to scatter the light of a single color or
multiple colors guided along the vessel using bubbles of gas
discharged from the plurality of nozzles. Accordingly, in this light
generating unit, it is possible to produce a variety of displays and
representations using changes in the color of the side walls of the
vessel, movement of the bubbles that observed thought the side
walls, and also changes in light due to the movement of the bubbles.
[0006]

In the light-emitting/bubble producing units, the plurality of
light-emitting elements should preferably include light-emitting
elements, typically LEDs, of various colors, for example R (red), G
(green), and blue (B). By doing so, it is possible to output
illumination light of multiple colors while controlling the color and
time (timing). It is also possible to output illumination light of
multiple colors while controlling the color and time (timing) according
to another method, such as control in synchronization with a rotating
color filter and a light emitting from the plurality of light-emitting
elements. In addition, by controlling the timing at which gas is
discharged from the plurality of nozzles, it is possible to control the
timing at which a plurality of bubbles are discharged from the light-
emitting/bubble producing unit. This means that it is possible to
produce a variety of representations and displays by changing the
movement of bubbles and changing the illumination light along the
elongated vessel of the light generating unit.

[0007]

In this light generating unit, the vessel may include a base
plate that is transparent and is provided with an opening in a center
thereof, and the light-emitting/bubble producing unit may include a
convex portion that is fitted into the opening of the base plate from
below and a flange portion that seals the opening of the base plate at
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color filter and a light emtting fromthe plurality of light-emtting
elenents. In addition, by controlling the timng at which gas is discharged
fromthe plurality of nozzles, it is possible to control the timng at
which a plurality of bubbles are discharged fromthe light- em tting/bubble
producing unit. This nmeans that it is possible to produce a variety of
representations and di spl ays by changi ng the novenent of bubbl es and
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Another aspect of the present invention is an apparatus
including: a light generating block in which a plurality of the light
generating units described above are arranged; and a control unit
controlling timing of coloration and bubble discharge of the respective
light-emitting/bubble producing units of the plurality of light
generating units. The vessels of the plurality of light-emitting
elements may be arranged in the form of a straight pillar or a circular
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of light generating units arranged so that the vessels construct a wall and
iIlum nates the respective vessels and the bubbles rising inside the
vessels with light of various colors. It is also possible to display
characters and inmages using bubbles that rise in the respective vessels and
to use the light generating block as a display. [0012] In a light
generating bl ock where vessels are di sposed adj acently, one or nore side
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[0012]

In a light generating block where vessels are disposed
adjacently, one or more side walls of the vessels of the plurality of
light generating units may also be used as side walls of the adjacent
vessels. The light generating block should preferably also include
first through channels that pass through and fluidly connect adjacent
vessels at base ends thereof and second through channels that pass
through adjacent vessels at front ends thereof to fluidly connect
regions containing the liquid. Since it is possible to use the adjacent
vessels as through pipes, it is possible to suppress fluctuations in
liquid pressure inside the vessels due to the formation and rising of
the bubbles, and to suppress fluctuation in the velocity with which the
bubbles rise. The initial introduction of the liquid into a plurality of
vessels also becomes easier.

[0013]

It is preferable for the cross-sectional area of each second
through channel to be larger than the cross-sectional area of each
first through channel. Since the fluctuations in pressure at the base
portion where the bubbles are formed is large, by making the cross-
sectional area of the first through channels relatively small, it is
possible to lower the extent to which fluctuations in pressure at the
base portion affect adjacent vessels.

[0014]

In addition, the control unit should preferably include a
plurality of light emission control units that respectively control
coloration of the plurality of light-emitting/bubble producing units and
a plurality of bubble discharge control units that respectively control
bubble discharge by the plurality of light-emitting/bubble producing
units, wherein the plurality of light emission control units and the
plurality of bubble discharge control units are connected in a daisy
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t hrough channel to be larger than the cross-sectional area of each first

t hrough channel. Since the fluctuations in pressure at the base portion
where the bubbles are formed is |arge, by making the cross- sectional area
of the first through channels relatively small, it is possible to | ower the
extent to which fluctuations in pressure at the base portion affect

adj acent vessels. [0014] In addition, the control unit shoul d preferably
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|l ight-em tting/ bubble producing units and to control the display or

representation ' ' i
ol o dHRLET R GRIP R BrO LRI AN RINES T DA s [ 0015) BTG 1 i s a
series qiOOli%lgrans showi ng an overview of a display apparatus 1, where FIG
1|(231 1/3 a fromQVi £V aFE&ried(dPdibgranid shbwahgearyioarviawl ofl&didgley is a
P < apparatus 1, where FIG. 1(a) is a front view, FIG. 1(b) is a right- -side
view, and FIG. 1(c) is a plan view.
FIG. 2 is a front view of the display apparatus 1 and shows a
different example display.
FIG. 3 is a III-III cross-sectional view of the display apparatus
1 where the display apparatus 1 is sliced on a horizontal plane.
FIG. 4 is a IV-IV cross-sectional view of the display apparatus
1 where the display apparatus 1 is sliced on a vertical plane.
FIG. 5 is a V-V cross-sectional view of the display apparatus 1
where the display apparatus 1 is sliced on a vertical plane.
FIG. 6 is an enlarged view of a light-emitting/bubble producing
unit when looking via a base plate of the display apparatus 1.
FIG. 7 is a diagram showing, by way of a partial cross-
sectional view, how a light-emitting/bubble producing unit is attached
to the base plate.
FIG. 8 is an exploded view of a light-emitting/bubble
producing unit.
FIG. 9 is a series of diagrams showing the construction of a
bubble producing unit of the light-emitting/bubble producing unit,
where FIG. 9(a) is a plan view of the bubble producing unit, FIG. 9(b)
is a cross-sectional view of the bubble producing unit, and FIG. 9(c) is
a bottom view of the bubble producing unit.

DETAIL DESCRIPTION
[0016]



FIG 2 is a front view of the display apparatus 1 and shows a different
exanple display. FIG 3 is a Ill-11l cross-sectional view of the display
apparatus 1 where the display apparatus 1 is sliced on a horizontal plane.
FIG 4 is a IV-1V cross-sectional view of the display apparatus 1 where the
di splay apparatus 1 is sliced on a vertical plane. FIG 5 is a V-V
cross-sectional view of the display apparatus 1 where the display apparatus
1 is sliced orFig.vershewis ahapeerie® of a sdiaplaynlannpratus dhasf isaone
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. The plurallty of generatmg units (light-emitting units) 10
each includes an elongated vessel (container) 11. Light-
emitting/bubble producing units corresponding to the respective light
generating units 10 are housed in the base 7. The individual light-
emitting/bubble producing units illuminate the vessels 11 of the light
generating units 10 with multiple colors and form bubbles 52 by
releasing gas (typically air) into a liquid (typically water) 51 contained
inside the vessels 11. The upper end 5a of the light generating block
5 is covered with a cover 8 and a discharge outlet 8a is provided for
releasing air that has risen as bubbles inside the vessels 11 of the
plurality of light generating units 10 to the outside atmosphere.
[0017]

The vessel 11 of a typical light generating unit 10 is
surrounded in four directions by side walls 12a and 12b at the front
and back that are made of transparent acrylic and side walls 12c¢ that
form partitions and has a space whose cross-section in the horizontal
direction is rectangular formed inside, with such space extending in
the vertical direction. Accordingly, the vessel 11 is in the form of an
elongated tube (square tube) and is capable of containing the liquid
51 inside. The light generating block 5 of the display apparatus 1
includes sixteen vessels 11 that are adjacently disposed in a row, and
the side walls (partition walls) 12c of adjacent vessels 11 are
composed of shared acrylic boards. Accordingly, in the light
generating block 5, the plurality of vessels 11 are formed by
partitioning a wall-like water tank using a plurality of acrylic boards.
As one example of the size of the respective vessels 11, the length in
the vertical direction is 1000mm and the internal space that contains
liquid has a square cross section with 34mm edges. The front and
rear walls (side walls) 12a and 12b of the light-emitting block 5 upon
which water pressure acts and the left and right side walls 12d are
transparent acrylic boards that are 5 to 6mm thick, and the side walls
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FIG 1 shows an overview of a display apparatus that is one enbodi nent of
the present invention. FIG 1(a) is a front view of a display apparatus 1,
FIG 1(b) is aright-side view of the display apparatus 1, and FIG 1(c) is
a plan view of the display apparatus 1. The display apparatus 1 includes a
| i ght generating block (lighting block, light-emtting block) 5, in which a
plurality of light generating units (lighting units, light-emtting units)
10 are abiconest formspaditionmarentidnspareata@ylisnbdoardsdbal angas Kupports
the Ii g%h?’?}eﬂﬁrﬁti ng block 5. The plurality of light generating units
(l'ight-em 5 units) 10 each includes an el ongated vessel (container)
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anount of bubbl es 52 introduced into fhe respective vessels 11, it is
possible to draw an i mage or characters that light up in one or many col ors
on the lighting block 5. [0021] FIG 3 to FIG 7 show the construction of
the display apparatus 1 in nore detail by way of cross-sectional views and
enl argements. FIG 3 is a cross-sectional view where the |ight generating
bl ock 5 has been sliced on a horizontal plane so that a base plate 13 that



each light generating unit 10 that constructs the lighting block 5 can be
seen. The base plates 13 are al so transparent acrylic boards and have
openings 14 formed in the center thereof. [0022] FIG 4 is a
cross-sectional view where the light generating block 5 and the base 7 have
been sliced in the vertical direction at a position in the width direction
of the light generating block 5. The |ight-emtting/bubble producing units
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apparatus 1, the second through channels 19 are holes with a

diameter of around 14 to 16mm and the first through channels 18 are

holes with a diameter of around 4 to 6mm.

[0024]

These through channels 18 and 19 suppress pressure
fluctuations in the liquid 51 inside the vessels 11. For example, the
volume of the liquid 51 will increase when bubbles 52 are discharged
into a vessel (cell) 11. For this reason, the second through channels
19 are provided at the upper end of the vessels 11 so that the ligquid
51 flows into the adjacent vessels 11. The first through channels 18
at the lower end are effective in dispersing the pressure applied to
each vessel 11 and keeping such pressure uniform. The first through
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52 rising inside the adjacent vessels 11.For this reason, the dianeter
(cross-sectional area) of the first through channels 18 at the lower end is
reduced to suppress the propagation velocity of fluctuations in pressure.
[0025] Via these through channels 18 and 19, circulation of the liquid 51
in the up-down direction inside a given vessel 11 is naintained via the

adj acent vessels 11, so that pressure fluctuations inside each vessel 11
are supghesseds 1®@Qrt<ﬂ1enuiwer@mhavektermomrim:tgé\apbmailtwofouﬁw%@ k2 are
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(bot t ¥
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ch annels 18, thls can cause disruption to the pattern of the bubbles

52 rising inside the adjacent vessels 11. For this reason, the
diameter (cross-sectional area) of the first through channels 18 at the

lower end is reduced to suppress the propagation velocity of
fluctuations in pressure.

[0025]

Via these through channels 18 and 19, circulation of the liquid
51 in the up-down direction inside a given vessel 11 is maintained via
the adjacent vessels 11, so that pressure fiuctuations inside each
vessel 11 are suppressed. Accordingly, even when a large amount of
bubbles 52 are discharged into a vessel 11, fluctuations in the
internal pressure of the vessel 11 are suppressed and it is possible for
the bubbles 52 to rise smoothly along the vessel 11 at a uniform
velocity.

[0026]

FIG. 6 shows the light-emitting/bubble producing units (light-
emitting and bubble producing units) 20 when looking from above
through the transparent base plates (bottom plates) 13 of the vessels
11. FIG. 7 shows how the light-emitting/bubble producing units 20
are attached to the base plates 13 by way of a partial cross-sectional
view. FIG. 8 shows a light-emitting/bubble producing unit 20 split
into a bubble producing unit 21 and a light emitting unit 22.

[0027]

Each light-emitting/bubble producing unit 20 includes a bubble
producing part 21 and a light emitting part 22 attached to the
circumference of the bubble producing part 21. The bubble producing
unit 21 is a cylindrical plug formed of resin such as polycarbonate,
although another resin material may be used. Although the bubble
producing unit 21 is cylindrical as a whole, the central part of the
bubble producing unit 21 is formed in a step and a convex portion 23
that protrudes upward relative to the outer circumference 24 is
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[0027] Each light-emtting/bubble producing unit 20 includes a bubble
producing part 21 and a light emtting part 22 attached to the
circunference of the bubble producing part 21. The bubble producing unit 21
is a cylindrical plug formed of resin such as polycarbonate, although
another resin material may be used. Although the bubble producing unit 21
is cylindrical as a whole, the central part of the bubble producing unit 21
is fornpgovitied]. St @ raate aso@w ethiead 25 23 disat fgnmoedudas thpwauderel ati ve
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it isp §sOf)Iaebtibb3ﬁ t%f@ﬁultanUﬁqujgt Olgﬁ’\?bl(q 'ﬂéf%ﬁﬂﬂ”@ g?'gﬁﬁ@aﬁgséfﬁlf#%(r)n :)gl '?\r,]Ve
base pl aBe ftdm Goelosy sét yis ipossblal so @pdtatibl the oliglet-@hitting/bubble

i ght - e 41 BDURR SR dre203! TEBhVBEGIS T B als pBSEBIZE] Vihen
o R e D T B R e

portlonbla’a;@ 0B the convex portion 23 of the bubble produ0| ng unit 21
becorres[{)g Iy attached to the | ower surface of the base plate 13 with
packi ng n 9 in between., . Accqrdi

rin b
light-emitti n&y%@l’gbﬂ: € pICOMYE NP AN 263 o th%{eop%%ﬁﬁﬁ%ﬁghgg/bﬂgbﬂ)%se pl ate
13, thepepdocing hitad0bie Sittecdednto the base plate 13 from below

circumference (flange portion) 24 of the convex portion 23 of the
bubble producing unit 21 becomes tightly attached to the lower
surface of the base plate 13 with packing (an O ring) 29 in between.
Accordingly, by attaching the light-emitting/bubble producing unit 20
to the opening 14 of the base plate 13, the opening 14 can be sealed
by the convex portion 23 of the bubble producing unit 21 and the
flange portion 24. This means that by merely attaching the light-
emitting/bubble producing unit 20 from below the base plate 13,
attachment of the light-emitting/bubble producing unit 20 s
completed. In addition, it is extremely easy to make the upper end
(the upper end of the convex portion 23) 23a of the bubble producing
unit 21 level with the upper surface of the base plate 13.

[0029]

Three gas discharging nozzles 28 are formed on the upper end
(upper surface) 23a of the convex portion 23. By discharging air
from the respective nozzles 28, it is possible to introduce a plurality
of bubbles 52 into the inside of the vessel 11. Accordingly, in the
light generating unit 10, it is possible to allow the bubbles 52 to rise
from above the base plate 13.

[0030]

The light emitting unit 22 includes a plurality of LEDs 30 and a
substrate 31 that supports and also electrically connects the LEDs 30.
The substrate 31 is around the same size as the cross-section of the
vessel 11, that is, in the present embodiment a square with 34mm
edges or a circular disc inscribed therein. The plurality of LEDs 30
are arranged in a ring around the circumference of the substrate 31
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by the convex portion 23 of the bubble producing unit 21 and the flange
portion 24. This means that by nerely attaching the |ight- emtting/bubble
producing unit 20 from bel ow the base plate 13, attachment of the
| ight-em tting/ bubble producing unit 20 is conpleted. In addition, it is
extrenely easy to make the upper end (the upper end of the convex portion
23) 23a of the bubble producing unit 21 level with the upper surface of the
Bgsgr pl gsg 4s.oféNng] tﬂW@\Bgﬂﬁchimau@hﬁg proghicéng 281ikrkl Peseed idn t he

p e LS t X3 por tA hegh in [
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apove FPED%?%%E&&?S“A’BQ@%%Q‘] aFBEntl 8RE ErtliifegentétoR2hinebrdes a
plurali ot L ) an _&gbstrate 31§S§1at Su Bc%rt %at fetrically
connect QOfH@nL%@)seCBBPPFHeWé e 1QrAes 'arlguﬂg '[hcﬁ's ns@é @s t he
cr oss- segiittinggbubbie eeskiciig, unita?li &, attached goethatopemisd tehtofa square
with S4pm.quaes fbed 4 Ee Blukhfity IRSEEDBEY0 LA dlignodétt arbural thy of LEDs
30 are arranged ' n 3%{@%9 aroun th(i cirgunt 4 fh t\(;ggél?sﬁate 31 and
an openi™Er AHBAGeSVP siie i d Br i?l'S ﬂfogf ESaseées is provided in
the cen{e03df] the substrate 31. Accordingly, when the Iight-emtting/bubble
produci ng uni ‘rh%OBIL?raﬁ’ig el ethsf BOMAdNEdE | HIBIupAmitht bRgedn(R) 2EDBs|dat he

)

P _ _
he i PUeFaIitgk 9bper ‘fid BluSitg bhie U RERR, RSl 057 |

addi ti oattadierd tbethe shbstratet 8ilrep Bsbid depesitongd AU the BNCiched to
;Pguggeik%éeds Jr the Saee wai e 23, e Ring alad with bRDapPPopriatdi sposed
a?ance. That is, the numbers of LEDs (light-emitting elements) 30
that emit light of the respective colors R, G and B are selected based
on the color balance and LEDs 30 of the respective colors are
disposed so as to be able to illuminate the side walls 12a, 12b, and
12c with a favorable balance.
[0032]

The refractive index of the transparent side walls 12a, 12b,
12¢, and 12d (hereinafter represented by the expression “the side
walls 12a”) made of glass or acrylic is typically higher than the
refractive index of the liquid (typically water or an aqueous solution)
51 contained in the vessels 11. As examples, the refractive index of
water is around 1.33 and the refractive index of acrylic is around 1.45.
Accordingly, the light 35 that illuminates the liguid 51 inside the
vessels 11 is not totally reflected by the inner surfaces of the side
walls 12a. However, by increasing the angle of incidence of the
illumination light 35 on the inner surfaces of the side walls 12a, it is
possible to increase the reflectance at the inner surfaces of the side
walls 12a. It is also possible to color the side walls 12a using light
that has leaked from the side walls 12a, which means that the
illumination light 35 can be efficiently guided along the elongated
vessels 11.

[0033]

As shown in FIG. 7, in the light generating unit 10, when a
light-emitting/bubble producing unit 20 is attached to the base plate
13 of a vessel 11, the plurality of LEDs (light-emitting elements) 30
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i nner surfaces of the side walls 12a, 12b, and 12c of the vessel 11. [0031]
The plurality of LEDs 30 include a plurality of red (R) LEDs, a plurality
of green (G LEDs, and a plurality of blue (B) LEDs, and are attached to
the substrate 31 so as to be positioned around the inner surfaces of the
side walls 12a, 12b, and 12c with an appropri ate bal ance. That is, the
nunbers of LEDs (light-emtting elenments) 30 that emt |ight of the
respect heeop®é odispBse® anduBdattee sieinent sdrfzecesd ofnthenesidel viallsallddce and

LEDs 30
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rise in a state w?xere the bubbles 52 extend to the vicinity of the side
walls 12a. In addition, the refractive index of the gas (typically air)
that forms the bubbles 52 is 1.0, which is lower than the refractive
index of the liquid (water or aqueous solution) 51. Accordingly,
depending on the angle of incidence of the illumination light 35 on the
surfaces of the bubbles 52, the bubbles 52 totally reflect the
illumination light 35. In this way, the plurality of bubbles 52
discharged from the light-emitting/bubble producing units 20 are
outputted in the same way from the light-emitting/bubble producing
units 20, proceed along the elongated vessels 11, and act as light
scatterers that effectively reflect the illumination light 35 in various
directions. This means that with the illumination light 35, it is
possible to illuminate the bubbles 52 that rise up the vessels 11 from
the periphery of the bubbles 52. It is also possible to have the
bubbles 52 rise along the elongated vessels 11 while light is being
shone upon the bubbles 52.

[0035]

In the plurality of light generating units 10 that construct the
lighting block 5 of the display apparatus 1, it is possible to
independently control the output timing of the bubbles 52 that rise up
the vessels 11 of the light generating units 10 and the color, intensity,
and timing of the illumination light 35 that illuminates the vessels 11
and the bubbles 52. Accordingly, in the light generating block 5, the
respective displays of the plurality of light generating units 10 can be
independently and variously changed using the bubbles 52 and the
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13 of a vessel 11, the plurality of LEDs (light-emtting elenents) 30
becone di sposed around the inner surfaces of the side walls 12a.
Accordingly, illumnation light 35 fromthe plurality of LEDs 30 passes

t hrough the transparent base plate 13 and lights or irradiates on the inner
surfaces of the side walls 12a with a | arge angle of incidence. This neans
that the side walls 12a are illumnated by the illumnation |light 35 from
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outputted from the nozzles 28 of the bubble producing unit 21, it is
possible to control the size and timing of the bubbles 52 that rise
inside a vessel 11.

[0038]
The link cable 86 is connected to the illumination control

console 70 that is compatible with DMX standard. Accordingly, it is
possible to freely control the timing at which bubbles 52 are
outputted in the respective light generating units 10 that construct
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chain by a link cable 86 that is conpatible with DMX standard and that it
is possible to connect the Iight em ssion control unit 82 and the bubble

di scharge control unit 81 housed in each control box 85 using a DMX data
l'ink. [0037] Each light em ssion control unit 82 is connected to the
substrate 31 of a light emtting unit 22, supplies power to the respective
LEDs 30 of the light emtting unit 22, and causes the respective LEDs 30 to

| i ght lUtJh@tn eeérhtinignblodic Soaddnthey cobyr,usmiga; Hatengky, émdsgh@n
t t
o enei | gg\,\#fﬁﬁ%‘“iﬁ; r?alpﬂﬁﬁ‘nm d<Ce5ER1. iaﬁe%’bﬁ uh!t”ngsxﬁ

h h bubbl
di schar g@n&@ﬁ\ttmalumttmg\ﬁr? &Qﬂ%& \ét%sntségl% @rﬁ”ﬁ'@lt @I'Pg(chay a%al |§ a ©

sol enoi gawér\re)nélhding suxApdithimgd andr integsitbepr e"EbtsdmanS WwhREHLis
suppl i eﬁ @ 8§ FR% Ps@ﬂg;ﬁﬂ’ Ehdyi teeﬁﬂ&(iirﬁ’@'mgclé@ tex%ﬁem@lﬁnd of f.

Accor di 1'S. SW off timng
by the @@lSHVeaﬂfjsE%éjr'élé 36/0ﬁt V@F'eﬁ}ﬁl?f @fs'%ﬁ‘\% 5 %'P'I |'rﬁ‘égt unt and
timng ehetihg anrtrautiphtiedittirgrbidek bozzl es 28 of the bubble produci ng
uni t 21gg %s possible to control the size and timng of the bubbles 52

that ri ide a vessel 11. The C ne t to the
i Il unination €&kt rDEhe¥sENe G %ﬁ‘é tipg %tq‘g?btggvﬁl%réman? d%g
Accor di gl light- emnttmg;mjmblmpnrocmmgcumtrao t A8 3hownd>\atthwr@$5bubb| es

52 are %%&EP%%?%EW l'n*x‘eF (f g?ﬁ}{dl’ﬁ’%'b%@ﬁ?@aaﬁln@pm 9 Ifclubias sonstruct

t he | | t the ik

e Lo, SO S, DR 11

convent irepgh thé womaex gortiom 28 acnsh$ormsze pattitionanwsdl g aatng'aepattern

| nol Ut R SIS b7 P@'anag tﬁ@dcw\t/@iasdéﬁtﬁﬁw JHi sagemimwit Hat FI(E BféaD),OSBEbI e to
trol th ht | dt

i opl ay tBrearnery)ebr Sdeay fare: of dakror s agoccalinl R, 'E‘E‘Zﬁoﬁ"? he

| i ght - epads tyrchigit khé.pdraRe] walllG23gv imdhe @'Iﬁ@CE!@ﬁs'ﬂrW@t'(Frbﬁ 8fiNFRE bubbl e

ltOLOdUC' Wrdiith fer%%t | ZurfF4ed - E?ttbfnﬁlﬁéuelphﬁdntaducamyurzm Sftendis.shown by
e cross-sectional view i

i ncl udedGEAGINGYy | g %%q? gg ?ﬁ h@%@sgﬁ%gvg[fﬁf :%g,gé'hf %O%tl on 24

to reaclalohg tlmawemqmocm*cumfzseahal fScNfﬁ%C%l H&e taft F'&% GRyity Z%ZV iR thBe front

ond 23a ofiﬁeéﬂ"@ngﬂrwtﬁmp%te' R eirémrBRINtiaNsEHBceoRar extemdshr fornozz| es
are formed at jinterv ug} ~an s e

partiti SHI9aSPEw PR ?ﬁ@wcﬂ r'@ch@q ?chm%ﬁ frﬂ'e i rﬁ}d;ﬁ%?f%%%ée’ﬂ;'gﬁel al

surf ace f@?meﬁ mhé)oury'lg les dihreaght the cauibie ?ds frowc i e@rySURECnoz 2l es

28 are 'g f c?} Eﬁé%yb@ pPoAEERRY Ldit 2 18kerg thdeentirehate rsorihgr ent i al
surtace

2 he di
i rcun eqrémsgl QoMo Rl Be LA B, %t&iﬁﬂ 27 6o
9(c), tHee ttameedoaut £s008 n neart auﬁf@@eb@%r%e hof\6SOk W&;h thRe cavity

27 from lEBFodU¢ihacenitl Zit cdhbbefpriovedéd il lewprodtici ng unit 21 and the
entire fll%'eeéfng prgcess for the bubbl e producing unit 21 including the

cavity be carried out fromthe rear surface side 21b. ACf?I’dI ngly,
the bubbl e pr daueidaition; tthel frent BadpRda @cthg QvhRdElss  cavity

machined into a dome shape with the nozzles 28 extending from the
circumference of the dome. Accordingly, air will accumulate at the
bases of the respective nozzles 28 and air can be discharged
substantially uniformly from the three nozzles 28. This means that
even though an air stone or the like is not used, it is still possible to
form a plurality of bubbles 52 of a desired size inside a vessel 11
substantially uniformly using the bubble producing unit 21 which is
manufactured from resin.
[0041]

In this way, the display apparatus 1 is capable of displaying
information, such as images and characters, on the lighting block 5
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[0040] In addition, the front end 27a of the cylindrical cavity 27 is

machi ned into a done shape with the nozzles 28 extending fromthe
circunference of the done. Accordingly, air will accunul ate at the bases of
the respective nozzles 28 and air can be discharged substantially uniformy
fromthe three nozzles 28. This neans that even though an air stone or the
like is not used, it is still possible to forma plurality of bubbles 52 of
a desi r edrGii@n ddFﬁbﬂﬁat&ongﬁ‘@‘ethdﬂllsmbBaaohl g hy Aniahdr the hidibigsthe bubbl e

product ag bl do flilfB! S8 e THI BRGHT: O'off figRYRe Litsl 983 Liknaisplay vay. the
gnzpl:ﬁglggﬁérlsf[ngd t%%m%:é‘;{ﬁaﬁ?ﬁﬁgg) dé‘ ﬁ‘%ob@ﬁa?@mgo %th(ﬁ?}g? mages

illum ngtl q)gl IdﬂjatméS ahd at he/alnldwl eef 521|$;hlays;| gzeprese&éa@enﬁ oind he
pl ural ' 53%& .ﬁg % 68pr&5‘52 érﬁ’é& )ée' murr'ﬁitnétldﬂ hgﬂt%l mages and
&8s

har act t
di iL?Sygneaagrt@@ém SRR Y AP R eNsigA b DUOHECESOIRE The

illum Ny rPdskkdR’uUChS asThiheateanequiphertte Hgbbh@y appdmage disgday be used
for 'a wi leégéﬁtmf&fmatﬁw@@? 18y cvige | BRE! £inELAGERLpIdY dbYices, an

i mge di evice, ann ion di'splay device a nmessage displ ay
devi ce. [PO Al though a plurality of light generating units 10 are
arranged in aAlltmﬁJ@t@ aPplurality of digtitngeaevatingsunitactOi are ReTANGRd ay
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al so po%@r}%&ﬁjdétoaq@?ﬁit Hﬁéf&lﬁ@%bcﬂ%‘% ahenrin efka HvdInb thrrfawgimgf a

I 1 ar eneratin ral
IF—)|Iovvever a pl‘iér?rlttb’ngﬁ)?'ghegﬁﬂgﬁtéﬂ}g a'ﬂ)'b é”laﬂ@'axgt H$ ttKrﬁ?Péd g&axarrpl es
descri quxd)gslu@leeto cons8tuct a Inghmgeoeraulmgdm@ﬁku?zma fé}@el‘@fsf@dOa@ @l ar

I ght - e%tbnﬁ?ﬁhﬁ%mﬁe“%%% f*l|9;{ﬁt Qj@r‘iéﬂaﬂzm Nithitg?2 1C¢Esmrlabesblabbve it
R

is al so possib ot o?%@r' }glm t WE;]E’%{% P%?Sthoﬁg ni c EL

or sem dHNNEYELr T EAL
| i nk t haixdraptds desasbddaabpvesent to control I|ght| ng |s f avor abl e as the
control [w of the display apparatus 1, the data link nmethod is not
limted*o and IS ble to u a
comuni cat i onAl§Pe? !fi‘@é’ Wﬁ%ﬁshafe d’ss&asgsgrlh\t% Qggﬁ%{ %‘t?cgréﬂbéﬁi% 1. A
| i ght geher Hghbeerbithirlg eoviprd Zidegcaibaidieiovey ibfis| a'@ﬁt pgesilattonyStni t s,
each of diferPhghfldrititly Liefertenaiat aa ungasid Bl ydesemicdrductoar ent

vessel that is”elon tajn iq i;ag/ bubbl e
pr oduci @S@'fﬁ,tora@m&gﬁ defibuthotefior: oAIRRIE L oS inf Tk i
pl ur al i toften lhsegﬂhtatg@mesant g qantmldn@hangaﬁgg@vg@ble as the contro

system of the display apparatus 1, the data link method is not limited

to DMX and it is possible to use a wired or wireless LAN or a

communication-type data link that uses a different protocol.

15



that vessels of the plurality of light generating units construct a wall,
and the |ight-emtting/bubble producing unit includes: a convex portion
that is fitted into an opening of a center of a transparent base pl ate of
each of the vessels frombelow; a flange portion that seals the opening of
the base plate in a circunference of the convex portion; a plurality of
light-emtting el ements disposed around a circunference of the flange
portion@yp@ssto face the base plate and di sposed around inner surfaces of
fhde wal |'s offe?ﬁh gf thelvessels when the convex portion is fitted into

e opening o e base plate; and a pluraljty,.. of zzl.es for_.di [
e e g st eanastiad ock saman Bl Fehlsbyl IR ehetatigerar i e @
the pl unalitd ye®th lofahie plimality of |eengenerating wiits éhcludes: t he

light-emtti n%%pgg%ﬁgé? A R 45t fs Eidr&fﬁﬁgﬂfiﬁacﬁrﬁaiﬁgﬁ NgSREl s, bubbl es

are introduce _ é vessels an es rising in each of the
vessel s &k iI'lum nated on a vessel -byvessel basis. 2. The |ight generating
bl ock accor di rglight-araittink/budreiprodueing ghtit ettachadtdubbpsepr oduci ng

unit i nﬁgg,gﬁfrhgf%%i\%ggeqal ~cavity that passes through the flange portion

and rea { it

t he convex powméfprﬁ,r}\rl‘ﬁ(ﬁ'@pgqutj{aiilrtlﬁc& IEQ%QQ§9E%%H8:%it)foﬂ(%r!ﬁe%l@ﬁggpg% [ :ln:jyo{ n
a di recttham vassehs ofi the plumalityiof dighfteyemeiating wifite soostnues walhdr i cal
cavity egﬂdands at intervals of an equal angle.

the light-emitting/bubble producing unit includes:

a convex portion that is fitted into an opening of a center of a
transparent base plate of each of the vessels from below;

a flange portion that seals the opening of the base plate in a
circumference of the convex portion;

a plurality of light-emitting elements disposed around a
circumference of the flange portion so as to face the base plate and
disposed around inner surfaces of side walls of each of the vessels
when the convex portion is fitted into the opening of the base plate;
and

a plurality of nozzles for discharging a gas that are provided at
the convex portion and disposed on an inside of the plurality of light-
emitting elements, and

wherein, by the light-emitting/bubble producing unit fitted on
each of the vessels, bubbles are introduced to each of the vessels and
bubbles rising in each of the vessels are illuminated on a vessel-by-

vessel basis.

2. The light generating block according to claim 1,

wherein the light-emitting/bubble producing unit includes a
cylindrical cavity that passes through the flange portion and reaches
the convex portion to form a partition wall at a front end of the
convex portion, the plurality of nozzles being formed substantially in
a direction in which an inner circumferential surface of the cylindrical
cavity extends at intervals of an equal angle.

3. The light generating block according to claim 2,
wherein a front end of the cylindrical cavity is dome-shaped.
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3. The light generating block according to claim2, wherein a front end of
the cylindrical cavity is dome-shaped. 4. The light generating bl ock
according to claim 1, wherein the plurality of light-emtting

el ements include a plurality of LEDs that output light of different colors.
5. An apparatus conprising: a light generating block according to
any one of claims 1, 2 and 4; and a control unit controlling timng
of coloration and bubbl e discharge of respective light-emtting/bubble

produci %g WLﬂi ii% of Wi a@boldiglt tJENERRALI Ng units. 6. The
% 8 accordl , . .
sppar a0 02 BBt ag ] Mk SRR PERIFTY e b gt genert o

gener at iphgraitiyt 6f BEBsalren ewwgrlitaligist 0 diferenbtoldsacent vessels. 7. The
apparatus according to claimb, wherein the |ight generating bl ock

includes first through channels that pass through and fluidly connect
adj acenﬁ-mwpﬁ@tuﬁé}@@@ﬂéﬁ"gihereof and second through channel s that pass
t hrough adj aCéﬂﬁgW@géﬁ@aﬁhgfm@@k arutsdimgrtecdny @rfd of dlaintoidpett regi ons

cont ai ni 21[%‘ %I, %LHCQ The apparatus according to claim7, wherein a
cross- s& h rea of each second, through channel is larger than a
cross- sect i onal cenal snieaentia WRY timing, Qfﬁ@ﬁwé@r.‘ ayd %H@ Bpar at us
accor di pigsdiareleabfmréspective lightteeriittingb abbler producing uoitad¥sthee pl ural ity

of ligh i8S, : r i t respectively control coloration of the
| i ght emtptlﬁﬁgﬁb@ggégpPreogtfglﬂr??ldh!}?s and a plurality of bubble discharge
control units that respectively control bubble discharge by the
| i ght enig, tTHhg ipparbeupeedocding toictam 5, wherein the plurality of Iight
em ssion cont {iledtthif FRAIGHE BN RICKIURR Brnfbaiae veamd ool units
are connected I na_dal sy chaln y_% data lin

the vessels of the glura ity of’light generating units are also used as

side walls of adjacent vessels.

7. The apparatus according to claim 5,

wherein the light generating block includes first through
channels that pass through and fluidly connect adjacent vessels at
base ends thereof and second through channels that pass through
adjacent vessels at front ends thereof to fluidly connect regions
containing liquid.

8. The apparatus according to claim 7,
wherein a cross-sectional area of each second through channel
is larger than a cross-sectional area of each first through channel.

9. The apparatus according to claim 5,

wherein the control unit includes a plurality of light emission
control units that respectively control coloration of the light-
emitting/bubble producing units and a plurality of bubble discharge
control units that respectively control bubble discharge by the light-
emitting/bubble producing units,

wherein the plurality of light emission control units and the
plurality of bubble discharge control units are connected in a daisy
chain by a DMX data link.
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